In this paper, simple approximate formulas are established to estimate active and reactive power losses in distribution networks. The developed formulas based on load profiles are derived from Elgerd's power loss formulas. A simple model is also proposed to estimate the load profile while considering several parameters, such as the average load demand and the load limitations. Derivation of the load model and the loss formulas are presented along with their applications on two distribution networks. The results show that the loss formulas, which depend on the proposed load profile, can estimate the power losses in distribution networks with high precision.
Introduction
The load profiles in conventional networks can be estimated from the database of the distribution system, while those in smart networks can be obtained directly on time from the smart systems. Estimated load profiles in conventional distribution networks help electrical companies in many fields through such assistance as covering the energy demands of consumers, taking on economic and management decisions, and improving the performance of networks, among others. Many studies were carried out to determine the model of load profiles; the analytical model for determining uncertainty in distribution loads presented in depends on the calculation of mean and variance of the loading profile in each distribution transformer [1] . Daily load profiles for all load types carried out in are modeled depending on the mean, the standard deviation, and the normal distribution of load profiles [2] . The daily load profile in different seasons were also studied in [3] . Previous studies on load profiles needed to find the mean and standard deviation in constructing a load profile model. The proposed load profile model in this paper consists of a small amount of load data; the type of demands and their average values, the minimum and maximum limitations, and the probability of load distribution between the given limitations.
The estimation of active and reactive power loss in distribution systems is one of the main goals for any electric utility company. For example, a reduction of real power loss increases the performance of distribution networks and decreases their financial costs. Additionally, a reduction of reactive power loss reduces decreased voltage and reactive power consumption, while improving the load ability of networks [4] . Subsequently, many equations which depend on generated or consumed power have been proposed to calculate the power loss in transmission and distribution systems, such as: Kron's loss equation, the Branch power loss equation, and Elgerd's loss equation [5] [6] [7] . These equations were used in the calculation of power loss in the electrical system, the economic dispatch analysis, and in determining the optimal size and location of distributed generators or capacitors in primary distribution networks [4-6, 8, 9-12] . These equations relate to single values of power (load, generation, or injections pow-Iqteit et al. Power Loss Estimation in Distribution Networks er), but they do not have load profile functions with time (i.e. daily, monthly or yearly load profiles) in order to calculate the average power losses in electrical networks. This paper, along with the article in [13] , presents the full derivation of simple approximation power loss formulas to estimate active and reactive power loss, taking load profiles into account. Additionally, the validity of these formulas is examined in this article by two distribution systems.
This article sheds light on: a simple model of load profiles and power loss formulas based on load demand profiles, modified power flow equations based on power profiles, an algorithm to find active and reactive power loss profiles, and applications on 13 and 69 bus distribution test systems and their simulation results. Finally, the article summarizes the contributions and conclusions of this work.
Simple Approximated Model of Load Profiles
The profiles of residential, commercial, and industrial load demands were modeled through field measurements and statistical study [2] . The daily load profiles of P (t) or Q (t) at specific probability can be obtained using normal distribution, where the Equation (1) is the general daily load profile.
( 1) where: X G (t) : general daily load profile, μ(t) : the mean curve of certain consumer, σ(t): the standard deviation curve of a certain consumer based on daily load curves, and κ 1 : the Gaussian distribution value at specific probability Pr(%). For example, κ 1 =1.3 at Pr =90% and κ 1 = 1.65, Pr = 95%. The following proposed procedures present a simple and approximated model of daily load profile, and depend upon a small amount of load data: -According to Equation (1) , if the σ(t) = 0, the daily load curve is equal to the mean curve. Under this condition, the daily load profile can be defined as X G (t) = μ(t) = μ pu (t) × average {μ(t)}. At zero standard deviation, we can assume μ pu (t) is the general behavior of residential, commercial, or industrial load profiles in a per unit system where (2).
The per-unit mean residential, commercial, and industrial profiles were obtained through the results of [2] , where the area under each curve is equal to one. Figure 1 shows the per unit mean profiles of residential, commercial, and industrial load demands. -Approximated load profiles can be derived which are based on the values of average and minimum-maximum limits of load demands, as shown below:
where (4) where (5) E(X r ) = μ is the mean value of X r . X r is the random variable in the set {x 1 ,x 2 ,…,x Nd }. The subset {x max (t), μ(t), x min (t)} represents the maximum deviation in the set of X r . This subset can be used to find out the approximate value of the λ ratio. The approximate value of λ is shown in Equation (6): Figure 2 clarifies the relationship between the maximum, minimum, and mean functions of general load demands and their average values. Replacing the average values of these functions instead of those of the general load functions is the second approximation that can be used to simplify the calculation of the λ ratio where the symbol is the average of x (t). Equation (7) represents the approximate value of λ, based on the range of load limits:
Now Equation (1) can be reformulated based on the approximate value of λ as shown in Equation (8) . Table 1 
Power Loss Exact Power Loss Formulas
The total active and reactive power lost in a distribution network with N buses can be calculated by Elgerd's Equations (9) and (10), respectively [4] . The equations show the power loss depending on the active and reactive power injections,
where
While the size of matrices α, β, γ and ξ is N×N, the coefficients α ij , β ij , γ ij and ξ ij are functions of the magnitude and angle of phasor voltage. Also, α ij and β ij depend on the resistive entries r ij of the impedance matrix [Z ij ], while γ ij and ξ ij depend on the reactance entries x ij . P i and P j are the active power injections of buses i and j, respectively; Q i and Q j are the reactive power injections of buses i and j, respectively, where the power injection is the difference between the power generations and load demands for the same bus.
Power Loss Formulas Based on Load Profiles
Figure 3 displays the change of the power injections on the nodes of a distribution network at each moment of time. The distribution system was assumed perfectly balanced in the three-phase system. The load profiles and the line segments were supposed to be perfectly balanced as well. The line impedance of each segment was consistent with the time, but the state variables (V i (t) and δ i (t)) were not consistent because they depend on the power demands.
Linearization Principle and Average Integral of Power Profiles
A linearization technique and an additive property of integrals were used to derive a simple power loss equation based on power profiles. Profiles of active and reactive load demands, power injections, and power loss are nonlinear functions with time variables. Additionally, active and reactive power loss relations are nonlinear with profiles of active and reactive power injections. Figure 4 shows a general nonlinear function X(t), where X(t) could represent the power profiles of load demands
at node i, or power loss (P LT (t), Q LT (t)).
Through one period T the function X (t) is divided by M regular intervals with a length of ∆t for each one. The length of the regular interval depends on the power measurement devices (smart, digital, or conventional meters) or the accura- The following relations were obtained by using 
The average integral of X(t) through the period T is approximated in Equation (12) (12)
Approximated Power Loss Formulas Based on Load Profiles
According to Equation (11), over interval m the average integral of the power injection profile (P i (t), Q i (t), P j (t) or Q j (t)) can be represented by single point and constant value at time . Dependent on approximated values of power injection profiles, the active power loss profile for each interval m was derived in the following equation: (13) Similarly, the reactive power profile for each interval m can be calculated using Equation (13) only by replacing γ m and ξ m instead of α m and β m , respectively. (12) and (13), the average approximation of active and reactive power loss based on load profiles is obtained using Equations (14) and (15) 
According to Equations

Algorithm of Power Loss Estimation
The coefficients α mij , β mij , γ mij, and ξ mij are calculated for each interval m. Power flow equations in reference [5] were revised to include the state variables and power injections at each value of m, where the state variables V mi and δ mi can be calculated by solving the modified power flow equations (17) and (18). Numerical methods such as the Newton-Raphson method are used to solve equations (17) and (18). The power injections P mi and Q mi are calculated by Equation (11).
(17) where Y mij is the entry of admittance matrix at values of m, i, and j. Figure 5 represents an algorithm to find the profiles and the total average of active and reactive power loss.
Applied Examples
The 13 Bus System
A test system in [13] having 18MVA and 12.5kV specifications is shown in Figure 6 . This system load data is given in Table 2 . The base power of this network is 10 MVA at 12.5kV.
The 69 Bus System
The 69 bus distribution system (IEEE test system) displayed in Figure 7 has a total active load of 3.8021 MW and a total reactive load of 2.6945 MVAr. The system data information is given in reference [14] . The base power of this system is 100MVA at 12.66kV. The proposed loss formulas and estimated load model were tested on this system while two wind DGs and one photovoltaic DG were used. The location and ratings of these DGs are given in Table 3 . Also, the generation profiles of the DGs are given in reference [9] .
Simulation Results and Discussion
The proposed load profile model has been used to estimate the load profiles at each node of the 13 and 69 bus systems. The type of load, the minimum and maximum limitations, and the probability of load distribution as tabulated in Table 2 were considered, along with the mean load value to estimate each load profile at each node of the 13 bus system. The load profiles and DGs of the 69 bus system were estimated by using the type of loads and DGs with their mean values. It's clear that the factor λ was assumed equal to one in this system. Figure 8 shows the estimated active and reactive load profiles of the 13 bus system at each node of the network. Table 4 shows the average values of load profiles displayed in Figure 8 . The Tables 2, 4 . The estimated load profiles increase by an increasing mean of load demand, a range of load limitations, and a probability factor of κ 1 .
Simulation Results of the 13 Bus System
The algorithm for power loss calculations is achieved using MATLAB. Table 5 includes the results of the average power loss of the 13 node radial distribution network. The results were estimated using the load profile and their average and maximum values. Table 5 confirms that the results of the power loss equations are very close to the results of the power lost when it is directly calculated by power flow programs. The power loss values are different when using single values' average/maximum demand and power profiles because the power loss of the network is a nonlinear function of load profiles. For example, the active power loss based on the load profiles is equal to 0.0407pu, but when based on the average values of these load profiles it is equal to 0.03453pu. The active power loss based on maximum values of the load profiles is equal to 0.1466pu. The calculation of active power loss using Equation (14) is more accurate and effective than using Equation (9); likewise, the method of calculating reactive power loss using Equation (15) is more accurate and effective than using Equation (10) .
According to the computed loss profiles, the maximum active and reactive power losses are 0.11pu and 0.19pu, respectively at 20:00. Figure 9 shows the real power loss profiles based on two types of load models: 1) a discrete load model as shown in Figure 1 (*) and 2) the 5 th order polynomials load model as shown in Figure 1 (**). The average active power loss in discrete mode is 0.04070pu, whereas in the polynomial model it is 0.040707pu. These are almost the same.
Simulation Results of the 69 Bus System
The estimated active and reactive load profiles of the 69 bus system at each node of the network are illustrated in Figure 10 .
The estimated load profiles increase by increasing their mean values. This figure also clarifies that the 69 bus system load is an industrial network.
The active and reactive power losses of the 69 bus system using average/maximum demands, and using load profiles as shown in Figure 10 , are represented in Table 6 . Additionally, the estimated losses based on the load profiles using Equations (14) and (15) are more precise than the load profiles using Equations (9) and (10), respectively. As can be seen by Table 6 , the total system loss after integrating DGs into the system, is lower than the total loss of the system without DG.
According to the calculated loss profiles, the maximum active power loss is 0.003671pu at 13:00. Whereas the maximum reactive loss is 0.001689pu at 9:00. Figure 11 illustrates the real power loss profiles based on the discrete load model and the 10 th order polynomials load model as shown in Figure 1 (***). The losses of the system without DG based on load profiles are: P loss = 0.004463pu Q loss = 0.002009pu Iqteit et 
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The average active power losses computed for both models are 0.001566pu and 0.001540pu, respectively.
Conclusion
This paper presents approximate formulas to estimate the active and reactive power loss in distribution networks based on load demand profiles obtained by a simple approximated model. The load profile model and power loss formulas are examined through the 13 and the 69 bus distribution networks. Types, mean, deviation, and the normal distribution factor of load are the main variables that impact the load profile. The developed loss formulas give more precise results when compared to the power loss formula based on the average/ maximum load demand. The presented formulas of active and reactive power loss offer the following benefits: Easy to apply, capable of using discrete load profiles, and a simulation of results generating only a small error when using an appropriate number of time intervals. The results show that when DGs are integrated into the distribution network the power loss is diminished.
The advantage of the simple approximated formulas can be used not only in power loss analysis but also in economic dispatch analysis and to estimate the optimal setting of distributed generators that can be inserted into distribution networks.
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